Inhibition of the MAP kinase cascade blocks heregulin-induced cell cycle progression in T-47D human breast cancer cells.
Members of the erbB family of receptor tyrosine kinases are commonly overexpressed in human breast cancer. However, the relative contribution of particular signalling pathways activated downstream of these receptors to the mitogenic response of transformed breast epithelial cells remains poorly characterized. Administration of heregulin-beta2 (HRG), a ligand for erbB3 and erbB4, to growth arrested T-47D human breast cancer cells leads to activation of both the PI3-kinase and MAP kinase signalling pathways and potent stimulation of cell cycle progression. Specific inhibitors were used to assess the role of these pathways in HRG-induced mitogenesis and to identify underlying mechanisms in terms of regulation of gene expression. Treatment with the MEK inhibitor PD98059 led to a complete block of HRG-induced entry into S-phase, whilst administration of the PI3-kinase inhibitor wortmannin resulted in only modest inhibition. In addition, administration of PD98059 8 h after HRG was equipotent with simultaneous administration in inhibiting entry into S-phase. However, delaying addition for 14-16 h after HRG, when the cells were entering S-phase, was without effect. HRG stimulation led to sequential induction of c-myc, cyclin D1, cyclin E and cyclin A gene expression and hyperphosphorylation of the retinoblastoma protein pRB. p21 (WAF1/CIP1/SDI1) gene expression was rapidly induced by HRG, but significant changes in p27 (KIP1) protein levels were not detected. Preincubation with PD98059 blocked the HRG-dependent induction of cyclin D1 mRNA, p21 and c-Myc protein and pRB phosphorylation. These findings demonstrate that MEK activation is critical to HRG-induced S-phase entry in these cells whilst PI3-kinase plays a minor role. Moreover, these data are compatible with HRG-induced activation of MEK being critical for a mid-G1 transition point and implicate c-myc and cyclin D1 as key targets of the MAP kinase pathway involved in this response.